upon the electrodes. This growth is indicated by the following observations obtained by removing one of several electrodes from the clotting blood at successive intervals: 8'33" R. C. T. A few fine strands of fibrin on the electrodes. 10'10" Electrodes plated with a Gne layer of fibrin.
12'00"
A fine clot has formed between the electrodes. 14'00" Clot has thickened somewhat around the electrodes. 16 '00" Clot several millimeters thick around the electrodes.
22'00"
Clot about twice as large as in previous observation, has assumed globular shape.
25'00~
Clot larger, less than a third of final clot size. At all times the remainder of the blood is fluid and without fibrin strands.
Of key significance is the fact that at the R.C.T. a minute amount of fibrin is present only at the electrodes and not elsewhere in the blood. Hence, this point in time, the R.C.T., must measure the initial onset of clot formation in whole blood. Tests performed with various sizes of electrodes and currents indicate that within limits the R.C.T. is independent of the size of the electrodes and of the current flow between the electrodes.
Normal R.C.T. In 21 normal white adult males the mean R.C.T. was 10.3 Z!Z 1.0 minutes; in 21 adult white females the R.C.T. was 9.5 rt .94 minutes. The probable error of the difference between the two means is I 2.12 seconds. Since the difference between the means is close to four times the P.E. it is difficult to say that a significant difference between the R.C.T.'s exists although it may. The mean R.C.T. for the 42 adult humans is 9.9 minutes (table I) .
In 3 menstruating females tests were run at intervals over a complete menstrual cycle. No variations in R.C.T. were discernible.
Comparisons of the R.C.T. with the Lee-White clotting time, measured in I3-mm. diameter tubes at 37.5' C., show a significant correlation between the two types of tests. The coefficient of correlation is 0.696 with a P.E. of 0.0580.
Resistance of the Fluid Unclotted Whole Blood. Before proceeding with the consideration of the clot resistance the nature of the fluid blood resistance should be evaluated. In 21 normal males the resistance of the fluid blood, just prior to the in -September rg4g   ELECTROLYTIC  RESISTANCE  OF BLOOD CLOT   381 ception of clotting, was 80.8 3= 7.0 ohms. In 21 normal females the fluid blood resistance was 67.1 =t 4.8 (table I) . The P.E. of the difference between the two means is I .249. The difference between the means is considerably greater than four times the P.E. so that the two means are significantly different. Since the fluid blood is a homogeneous medium the specific resistances may be calculated.' Clot Resistance. From the maximum measured resistance the resistance of the fluid blood is subtracted to obtain the clot resistance ( fig. I ). Considerable thought was given the question whether to record the total measured resistance or the clot resistance. In some instances no increase in resistance above that of the fluid blood is observed. In thrombocytopenic purpura, the clot resistance is extremely small. Following splenectomy the clot resistance increases but the fluid blood resistance remains unchanged. The fluid blood resistance and the clot resistance do not appear to have any direct relationship. It would appear, therefore, that the processes responsible for the clot resistance are superimposed upon those of the fluid blood resistance and are, to a greater or lesser degree, independent of them. Hence, it would seem that the clot resistance more accurately mirrors the behavior of the clot than does the total resistance.
In the normal human a marked difference in the clot resistance is observed between adult white males and females. In 21 presumably normal males between the ages of 23 and 56 years the mean clot resistance was 311 & 44.4 ohms.2 In 21 normal white females between the ages of 22 and 50 years the mean clot resistance was I 79 =t 33.5 ohms. All these had normal menstrual periods with the exception of 2 (ages 44 and 50) who had passed their menopause and one (age 39) who had had a hysterectomy 8 years previously. In 2 female subjects the clot resistance was determined at weekly intervals over a 6-to g-week period and in a third at a-week intervals. There was no detectable variation in the clot resistance with the menstrual cycle as there was none in the R.C.T. The percentage clot volume in the male was 46.1 per cent and in the female, 45.7 per cent, averaging 45.9 per cent (table  I) . This clot volume is of interest since the clot resistance is so different.
Considerable differences in resistance have also been found to exist in various clinical disease states. In table 2 are listed a range of unselected clot resistances and other hematological data. At first glance there would appear to be no significant correlation between either the red cell count, the platelet count, the white cell count or the percentage clot volume and the clot resistance. The highest resistances are associated with the highest red cell counts because, as will be noted later, these occur in polycythemia Vera.
Of major interest is the possible existence of a relationship between the clot resistance and the concentration of platelets. From table 2 there would appear to be little relationship between these two phenomena. Of particular note are the low resistances of IIS, 131, 195 and 197 ohms in association with platelet counts over 1,200,000. However, in view of the fact that the behavior of the clotting mechanism, and l Specific resistance = Measured resistance/K. 0.01~ KC1 at 37' C. = 0.344.
x resistance of electrodes in hence the clot resistance, may depend on the platelet concentration, it becomes important to analyze the data in different ranges of clot resistance and platelet concentrations. Within an arbitrary range of clot resistance below 300 ohms and a platelet count below 400,000 (IOO cases) a significant statistical correlation appears to exist between the two phenomena. In this range the coefficient of correlation is 0.58 and the standard error is 0.10. Similar measurements are needed in the ranges above those studies, although, at present, sufficient data are not yet available.
Subj.
Mean...., E.F. In certain instances extreme changes in the clot resistance are paralleled by changes in the clot volume. In polycythemia vera the percentage clot volume is markedly reduced below normal. In IO cases the mean percentage clot volume was 23.7 as compared with the normal of 46 (table 3) . This is associated with a marked increase in the clot resistance above normal.
On the other hand, thrombocytopenic purpura is accompanied by a marked reduction in clot resistance and a marked increase in clot volume. The mean clot resistance of 4 untreated cases of typical thrombocytopenic purpura was Ig ohms.
The mean percentage clot volume was 67.5 as compared with 46 in the normal. These observations indicate that the degree and strength of clot retraction has an important bearing on the clot resistance. Further studies of this nature will be reported later.
The Primary Peak, a Measure of the Onset of Clot Retractiort. Early in the studies it was noted that a plateau or peak followed by a dip sometimes occurred, terminating the primary rise. This dip was of inconstant occurrence and proportions. Further , study indicated that this was due to adventitious adhesion of the blood to the cell walls and consequent failure of the clot to retract normally around the electrodes. This peak, the primary peak ( fig. I ), may be induced by causing adhesion of the blood clot to the cell walls and, hence, retraction of the clot away from the electrodes, This may be brought about by roughening the walls of the cells, by placing a fine screen around the inner walls of the cell or by similar treatment. The primary peak may also be induced by placing the electrodes in contact with the walls of the cell. In this manner the retraction of the clot from the cell walls promptly exposes the electrodes to the highly conducting serum. Siliconing above the electrodes reduces the adhesion of the clot to them and interferes with the electrolytic conductivity only slightly. Under both sets of conditions the clot resistance rises in characteristic manner until the primary peak is reached at which time it drops sharply. When the primary peak is induced by roughening of the cell walls the E.R.C., depending on the strength of clot retraction, will often resume its upward trend. When the electrodes are placed at the cell walls the resistance continues downward until it approaches that of the serum with which the electrodes are in contact. The primary peak occurs before clot retraction is observed visually and never following it.
The appearance of the primary peak, when caused by adhesion of the blood clot to the cell walls, is related to the clot resistance. When the measured clot resistance is high in the neighborhood of 700 to 800 ohms, the primary peak occurs infrequently. When the clot resistance is in a middle range of about 300 to 500 ohms, the primary peak occurs fairly frequently; whereas in a lower range of resistance, below 300 ohms, the peak is almost always present. This is further evidence relating the clot resistance to the strength of clot retraction. While only a limited number of tests have as yet been performed with the second technique, it is likely that it will more consistently yield a primary peak. Since the primary peak is produced either by the adhesion of the clot to the cell walls with the first method or by the retraction of the clot away from the cell walls with the second method, it is probable that the primary peak is related to clot retraction and is an index of the onset of clot retraction. The time of appearance of the primary peak with the first method was between 29 and 33 minutes after taking the blood. With the second method the primary peak occurred between 27 and 35 minutes after taking the blood. These observations are consistent with the visually observed clot retraction time of approximately 30 minutes. The peak is detectable within one minute, but the reliability of the technique has yet to be established. When the R.C.T. is subtracted from the primary peak time it is seen that clot retraction commences 19 to 23 minutes after the onset of fibrin formation.
The above data, although tentative, are sufficient to indicate that the primary peak is probably capable of yielding an objective and accurate measure of the onset of clot retraction.
DISCUSSION
The curve of resistance offered by the whole blood clot to the passage of current between platinumelectrodes buried in its substance has a distinctive pattern over a period of 40 to 48 hours. This curve, named the electrolytic resistance curve (E.R.C.), has certain characteristics which are of physiological significance.
The initial point of interest is the resistance clotting time (R.C.T.) which marks the time of onset of the rise in the E.R.C. It is associated with the initial precipitation of minute strands of fibrin upon the electrodes. Therefore, the R.C.T. would seem to determine the onset of clot formation. This is to be distinguished from those methods, such as the Lee-White, which determine the time required for a given volume of blood to clot solidly. In the light of the studies on the rate of prothrombin conversion and, hence, on the rate of fibrin formation, it would seen that the R.C.T., which measures the onset of fibrin formation, has a more specific physiological significance than those methods which measure clotting en masse.
Both the syringe with which the blood is obtained and the glass cell in which the blood is placed are coated with Dri-film no. 9987. This practice permits the maintenance of the fluidity of the blood for exceptionally long periods of time. The platinum electrodes introduced into the blood function as a reproducible stimulus to precipitate clotting; and the recording galvanometer furnishes an objective and highly precise indicator of the moment when the resistance starts to increase. Hence, the technique would seem to offer the most nearly ideal conditions available for the determination of a clotting time. It suffers from one serious defect, namely, that when there is no increase in resistance there is no R.C.T.
In the normal white male the R.C.T. is 10.3 * 1.0 minutes; in the normal white female the R.C.T. is 9.5 & .94 minutes. There is no statistically significant difference between these two times and the mean normal R.C.T. is 9.9 minutes. A statistically significant correlation appears to exist between the R.C.T. and the Lee-White clotting time.
During the first hour or two the resistance rises rapidly in what is termed the primary rise. In the following 20 hours there may be a smaller secondary rise during which the E. R. C. reaches its maximum and begins to decline. The maximum resistance measured from the resistance of the fluid blood as a baseline (i.e. from which the resistance of the fluid blood is subtracted) is named the clot resistance. The clot resistance itself does not appear to be related to the fluid blood resistance in any significant manner.
It is notable that the clot resistance in the normal white male and female is strikingly different, 31 I and I 79 ohms respectively. Thus the male clot resistance is 74 per cent greater than that of the female.
There are two conditions in which marked changes in the clot resistance are accompanied by changes in the percentage clot volume. In polycythemia vera the clot resistance is very large and the clot volume is extremely small. This is a constant and striking finding in this disease and the conclusion is inescapable that both the clot volume and the clot resistance are indications of a markedly increased strength of clot retraction.
On the other hand, in thrombocytopenic purpura a sharp reduction in clot resistance is paralleled by a large percentage clot volume, which is indicative of a poor clot retraction. Following splenectomy, the clot resistance and the clot volume both return to normal as the platelet count rises.
These observations suggest that the clot resistance is intimately related to the clot retractile function of the platelets. In the range of resistance below 300 ohms, a statistically signmcant correlation exists between the clot resistance and the platelet count. Unfortunately, sufficient data are not yet available in the higher ranges of resistance.
Since clot retraction functions in the production of the clot resistance advantage may be taken of this to measure the onset of clot retraction. By roughening the walls of the cell containing the blood so as to cause adhesion of the clot it is possible to interfere with the contraction of the clot about the electrodes. By placing the electrodes in contact with the walls of the cell clot retraction exposes the electrodes to the highly conductive serum. Both procedures will cause a sharply defined peakthe primary peak-of the clot resistance, which is a measure of the onset of clot retraction. In preliminary observations the onset of clot retraction occurred between 27 and 35 minutes after the taking of the blood and 19 to 23 minutes after the onset of clot formation (after the R.C.T.).
Thus the measurement of the clot resistance, which in its entirety is called the electrolytic resistance curve, yields three types of information which seem to have physiological significance; the resistance clotting time, an objective registration of the initial onset of fibrin precipitation in whole blood, the clot resistance which is strikingly different in the two sexes and is in part a consequence of clot retractile force, and the primary peak which may make possible the objective measurement of the onset of clot retraction.
SUMMARY AND CONCLUSIONS
The electrolytic resistance curve of the blood clot is the curve of resistance in ohms over a 40-to @-hour period. The resistance clotting time, the onset of the rise in resistance, is associated with the initial precipitation of fibrin on the electrodes. It is, therefore, a measure of the onset of clot formation. The normal time in the adult human is 9.9 minutes.
The clot resistance is the maximum resistance of the electrolytic resistance curve measured from the resistance of the fluid blood as a base-line. It appears to be related to the strength of clot retraction in polycythemia vera and in thrombocytopenic purpura. In polycythemia vera a high clot resistance is found in association with a small percentage clot volume. This is apparently due to a greater strength of clot retraction. In thrombocytopenic purpura the reverse is true. The normal clot resistance is 31 I ohms in the adult white male and 179 ohms in the adult white female. A statistically significant correlation exists between the clot resistance and the platelet count when the clot resistance was 300 ohms or lower.
The onset of clot retraction is measured by the primary peak which occurs, in preliminary studies, between 27 and 35 minutes after the blood is taken and 19 to 23 minutes after the onset of clot formation.
